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ABSTRACT 
On account of the nonavailability of frequency spectrum, bandwidth efficient 
modulation schemes are the need of the hour, particularly for space communication 
purposes. Especially this is more true, for digital communication systems that 
transmit and receive large volume of data through a bandwidth-limited channel. 
Achieving narrow signal spectra that concentrate power within a given bandwidth is 
an important factor in achieving efficient digital transmission. In most digital 
communication systems, the spectrum would be too wide to meet the stringent 
International Telecommunication Union (ITU) regulations. Thus, there would be 
unwanted interference by spilling energy into adjacent channels. In a multi-carrier 
operation, the interference exists due to overlapping sidelobes. This is due to high 
levels of main and sidelobes for the PSK spectrum. Restricting the bandwidth of the 
spectrum can reduce the interference problem. For high data rate transmissions, 
spectral spikes also exist due to non-ideal data conditions. In order to design an 
efficient digital transmission system for space applications, one has to address mainly 
(i) the reduction in sidelobe levels and (ii) narrower main lobe width. In thls thesis, 
several methods to realize efficient digital transmission systems with better spectral 
characteristics have been propounded and realized practically. It has been observed 
that the simulation results match with practical outputs. 
Design of digital communication systems, particularly for space applications, requires 
special attention so that the utilization of the primary resources viz., the transmitter 
power and channel bandwidth, is efficient Space communication links are both 
bandwidth and power limited. Phase Shift Keying (PSK) modulation scheme has been 
widely used for satellite applications. In order to reduce sidelobe levels, the options 
generally employed are (i) post modulation and (ii) pre- modulation filtering. 
Post modulation filtering techniques require filters with very high quality factor (Q). 
This is usually not practical for reasons like a filter with high Q is difficult to build, 
expensive and also causes phase variations at the band edges. On the other hand, 
premodulation filters are preferred due to its simplicity in construction and 
realization. Some times pulse shaping filters like Butterworth, Bessel, SRRC and 
Gaussian are also used to reduce the sidelobe levels in systems employing Bi-Phase 
Shift Keying (BPSK), Quadrature Phase Shift Keying (QPSK) and Offset QPSK 
modulation. In this thesis, new pulse shaping filters useful for these modulations have 
been proposed and studied successfully. It is found that these are very promising in 
terms of sidelobe levels. For the purpose of comparison, the Gaussian filters with the 
same number of elements have also been designed and studied In detail The new 
design has been planned for application in an on-board C-band data transmitter for 
the forthcoming Indian Geo-stationary Satellite. The attractive features of this design 
are (i) achievement of low sidelobe levels (ii) small size and weight and (iii) higher 
reliability due to less number of components. This makes the filter a promising design 
for use in on-board digital data transmission system for spacecraft. 
Effect of power amplifier on modulated spectrum with the newly developed 
premodulation filter for on-board application is also studied in detail. It IS observed 
that the regeneration of sidelobes is negligible for the proposed new premodulation 
filters. Further the characteristics of this filter in hot and cold environment are also 
studied. For space applications, such systems should not show variation in their 
characteristics due to temperature variations. It is observed that the character~stics of 
the modulation system have not shown any change. The Bit Error Rate (BER) 
performance of systems using new filters are checked and compared with the existing 
filters. The results are encouraging. 
Attempt has been made to cater to the problem in hand using different window 
functions. Hamming, Hanning and triangular functions are studied to reduce the 
sidelobe levels. Newly proposed window functions are worked out mathematically. 
Using the proposed theory, a simulation study is carried out. In this thesis, the 
proposed window functions have narrow main lobe width and also provide lower 
sidelobe levels for the modulated spectrum compared to the window functions 
mentioned above. It is found that the window functions developed are useful for low 
bit rate applications like inter planetary probes where on-board digital signal 
processing is used. It is observed that some discontinuities in spectrum exist in 
Hamming and Hanning window hnctions and also in Minimum Shift Keying (MSK) 
spectrum. A mathematical solution to remove the discontinuities is suggested. 
One major problem in the PSK spectrum is the spikes that appear specifically at high 
bit rate applications. These spikes interfere with other systems and can be removed by 
several techniques. New ideas are introduced here to eliminate these spikes. 
In conclusion, new filters and window functions have been proposed in this thesis for 
designing digital transmission systems that are suitable for space applications with 
desired qualities. The associated problems such as interference, discontinuities and 
spikes are addressed and methods to eliminate them are suggested. One of the newly 
developed pulse shaping filters is considered for Geo-stationary satellite application. 
